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Abstract: The purposes of this study were to develop a dual crop coefficient (Kc) using FAO-56 methodologies and to compare crop
evapotranspiration (ETc) measured under field conditions for second-crop silage maize in the Southeastern Anatolia Region of Turkey
with the ETc estimated using FAO-56 dual Kc methodologies. For this study, field experiments were conducted in the 2011 and 2012
growing seasons, and the results were evaluated. To compute dual Kc (Kcb and Ke), all climatological data involving the seedling and
harvesting dates, growth stages, water holding of soil at field capacity and at wilting point, soil evaporation layer, and crop characteristics
were input into a spreadsheet program. The crop stages observed were 15, 25, 40, and 12 days for the initial, crop development,
midseason, and late-season stages, respectively, in 2011, and 12, 23, 43, and 13 days, respectively, for the same stages in 2012. The
reference evapotranspiration (ETo) was computed daily using the Penman–Monteith equation. All main and intermediate calculations
for the dual Kc and its components Kcb and Ke were based on the FAO-56 guidelines. The Kcb values were computed as 0.15, 1.27, and 0.62
for the initial, midseason, and late-season stages, respectively. However, these figures were 0.15, 1.15, and 0.5 in the FAO-56 in the same
order. The dual Kc was 0.64, 1.27, and 0.67 in this study for the initial, midseason, and late-season stages, respectively. The maximum
ETc rate occurred in midseason, which had an average maximum value of 10.8 mm day–1. The ETc of silage maize for optimal dry matter
during the growing season in the years of the study was 519 mm as the average of two growing seasons. The FAO methodology thus
insignificantly overestimated the seasonal ETc (536 mm) for silage maize. Thus, the FAO-56 dual Kc methodology can be used to estimate
the crop ETc.
Key words: Crop evapotranspiration, drip irrigation, dual-Kc, silage maize

1. Introduction
Silage maize provides a considerable source of both
energy and fiber for animal feeding. It is thus one of the
most valuable forages for ruminant livestock. The average
composition of corn silage is 27% dry matter, 8% crude
protein, 45% neutral-detergent fiber, 28% acid-detergent
fiber, 22% cellulose, and 26% starch (Bittman and
Kowalenko, 2004). In the study area, the Southeastern
Anatolia Region of Turkey, silage maize can be grown
quickly (in 90–100 days) as a second crop. However,
second-crop maize consumes large amounts of water due
to the climatic conditions in the study area (Yolcu and
Cetin, 2015). The water requirements of second-crop maize
in this region range from 800 mm to 1000 mm depending
on irrigation scheduling for the surface irrigation (Çetin,
1996). However, drip irrigation enables the saving of water
compared with furrow irrigation (Yazar et al., 2002). Thus,
accurate estimations of crop-water requirements and
appropriate irrigation scheduling are required to enhance

the optimization and efficiency of applied water for silage
maize, ensuring its sustainability.
On the other hand, the irrigation-water requirements
for silage maize vary depending on the region’s climate and
soil conditions, the irrigation methods, and the farmers’
practices. In arid and semiarid regions, it is thus important
to estimate the actual crop evapotranspiration (ETc) for the
growing period to ensure appropriate irrigation practices
and scheduling (Kenjabaev et al., 2014). Estimating cropwater consumption accurately is necessary to ensure
sustainable irrigation management (Katerji and Rana,
2008). One of the main ways in which to estimate the ETc
is to use the FAO-56 crop-coefficient (Kc) approach (Allen
et al., 1998), in which ETc is estimated using standard
agrometeorological data and a crop-specific coefficient, Kc,
which is based on the relationship among crop physiology,
atmosphere, and agricultural practices.
The dual-crop-coefficient approach is generally used
for irrigation scheduling, such as for drip irrigation (Allen
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et al., 1998; Chuanyan and Zhongren, 2007). The FAO56 publication provides the process for estimating ETc
using Kc values according to the crops’ growth stages. In
the dual-crop-coefficient approach, the effect that wetting
events (rainfall or irrigation) have on the values of Kc
and ETc is computed by splitting the Kc into two separate
coefficients: one is the basal crop coefficient (Kcb), which is
used to represent the crop’s transpiration, and the other is
the soil-surface evaporation coefficient (Ke). Thus, dual Kc
(Kcb and Ke) is defined such that Kcb is the ratio of ETc to
ETo when soil-water evaporation is at its minimum. In this
condition, soil-water availability is not restricted to plant
transpiration (Lazzara and Rana, 2010).
Shahrokhnia and Sepaskhah (2013) determined the
daily Kc and evapotranspiration of corn using a weighing
lysimeter. In this study, the maximum measured ETc rate
for maize was 10 mm day–1. The values of Kc were 0.48, 1.40,
and 0.31 for the initial, midseason, and late-season stages
of maize, respectively. The FAO procedure resulted in
better predictions for Kc on a daily basis, although the dual
Kc method was more accurate for the entire growing stage.
Martins et al. (2013) calculated that the Kcb values for silage
maize for the initial, midseason, and late-season stages
were 0.20, 1.12, and 0.8, respectively. The results indicated
that the evaporation component of evapotranspiration is
less than 9% of ETc under drip-irrigation conditions in
Brazil. Kenjabaev et al. (2014) estimated ETc using the
soil-water balance model and a budget that integrated the
FAO-56’s dual-crop procedure. The researchers reported
that developing a site-specific Kc for a site contributes
tremendously to irrigation management and furthermore
provides precise water applications.
To achieve greater water conservation and accurate
crop-water usage information for irrigated crops, it is
necessary to improve irrigation scheduling. According to
Piccinni et al. (2009), crop-water use for maize ranges from
441 to 641 mm. The coefficient values of maize (ratios of a
crop’s water use to that of a short, cool-season grass) varied
from 0.2 to 1.2. The development of locally based, growthstage-specific crop-coefficient values for this region could
contribute to irrigation management by providing precise
water-application information, thus helping to conserve
water. Sharma et al. (2012) reported that dual Kc values
can be used to estimate both transpiration from crops
and evaporation from soil. Although Kcb has a low value
(0.15) during the initial period, this increases rapidly to
a maximum of 1.14 for the entire midseason and then
decreases rapidly to 0.5 by the end of the corn-growing
season. According to Chuanyan and Zhongren (2007),
based on the climatic conditions of the study area
(Northwest China), the Kcb values for corn were 0.15, 1.29,
and 0.56 for the initial, midseason, and late-season stages,
respectively. The simulated daily ETc values varied from
0.54 to 7.69 mm day–1, and the ETc was 612 mm. In another
https://testdrive1.bepress.com/tubitak-journal/vol42/iss4/5
DOI: 10.3906/tar-1712-10

study (Simsek et al., 2011), the seasonal ETc of silage maize
varied from 451 mm (in the deficit-irrigation regime) to
975 mm (in the full-irrigation regime). The dry-matter
yield was 23.6 t ha–1 for the full irrigation.
The purpose of this study was to test the FAO-56 dual
Kc approach for regional conditions by comparing the
actual evapotranspiration measured in field conditions
with the estimated evapotranspiration by the FAO-56 dual
Kc approach for silage maize as the drip-irrigated second
crop in the Southeast Anatolia Region of Turkey.
2. Materials and methods
2.1. Study area
The field trial of this study was carried out at a farm near
Devegeçidi Dam (Diyarbakır, Turkey; 38°15′N, 40°11′E)
between June and September of both 2011 and 2012
(Yolcu, 2014). The altitude of the experimental site is 748
m. The region has a temperate semiarid climate, and the
growing season of second-crop maize was characterized
mainly by high temperatures and relatively low humidity.
The study area thus has typical terrestrial climatological
characteristics. The annual mean evaporation is more than
2000 mm, but the annual mean precipitation is only 487
mm. In addition, the rainfall during the summer season,
especially during the second-crop growing period, is
highly restrictive. The annual average, absolute maximum,
and absolute minimum temperatures in the study area are
15.8, 42.3, and –9.1 °C, respectively. The annual average
wind speed at a height of 2 m is 2.4 m s–1. Some physical
and chemical properties of the soil at the experimental site
are given in Table 1. The required climatic parameters (air
temperature, relative humidity, wind speed, precipitation,
and global solar radiation) were measured daily at a
meteorological station near the experimental site.
2.2. Weather data
The daily data collected from the climatological station
were used to get all the parameters needed to compute
the reference evapotranspiration and the irrigation
scheduling. The climatological station includes sensors
to measure radiation, temperature, air pressure, wind
velocity, wind direction, and rainfall. Thus, we gathered
daily values for maximum and minimum temperature, net
shortwave radiation, rainfall, maximum and minimum
relative humidity, and average wind speed. At 10-day
intervals from June through September, disturbed soil
samples were collected to measure water content at 3
depth horizons (0–30, 30–60, and 60–90 cm). Soil water
content was determined using the gravimetric method. In
addition, some main climatological data for the growing
season of second-crop maize are given in Table 2.
2.3. Crop data
For this study, silage maize was grown as a second crop
after winter wheat, which was harvested in June; thus, its
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Table 1. Some soil properties of the experimental site.
Soil depth (cm)

Soil properties

Texture

0–30

30–60

60–90

Clay (%)

63

59

55

Silt (%)

21

25

30

Sand (%)

16

16

14

Field capacity (%, weight)

34.7

33.5

34.1

Wilting point (%, weight)

23.2

22.2

23.6

Bulk density (g cm–3)

1.36

1.39

1.40

8.0

-

-

Infiltration rate (mm h )
–1

Phosphorus (ppm P)

8.0

6.9

6.3

Potassium (ppm K)

412

385

365

Organic matter (%)

2.3

1.9

1.1

CaCO3 (%)

11.3

9.4

9.4

pH

7.80

7.72

7.79

Table 2. Some main climatological data of the study area.
Climatological data
Average temperature (°C)

Maximum temperature
(°C)
Minimum temperature
(°C)
Rainfall
(mm)
Average relative humidity
(%)
Average wind speed
(m h–1)
Evaporation
(mm)

Years

June

July

August

September

2011

25.4

31.9

30.7

25.0

2012

27.7

31.3

31.1

26.1

Long term (1929–2010)

26.1

31.1

30.4

24.8

2011

38.9

44.7

44.3

37.0

2012

41.7

43.7

41.0

37.9

Long term (1929–2010)

38.7

42.3

41.8

38.1

2011

11.7

17.1

15.9

11.5

2012

9.4

14.5

17.1

12.8

Long term (1929–2010)

10.8

16.4

16.4

10.8

2011

13.6

0.6

0.0

9.2

2012

7.0

1.6

0.0

1.8

Long term (1929–2010)

7.9

0.7

0.5

3.7

2011

38.3

22.7

21.7

30.4

2012

27.8

20.9

20.9

20.8

Long term (1929–2010)

35.0

26.0

26.0

30.0

2011

3.3

3.7

3.5

2.9

2012

3.8

3.3

3.5

3.0

Long term (1929–2010)

3.1

3.3

2.9

2.5

2011

309

423

465

300

2012

375

471

417

322

Long term (1929–2010)

351

465

408

285
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growing season was shorter than that of the main crop.
In addition, its growing season fell almost entirely within
the summer season. Maize seeds were sown on 25 June in
both 2011 and 2012, and the harvest dates were 25 and 20
September in 2011 and 2012, respectively. The plant row
spacing and plant spacing were 0.70 and 0.20 m, respectively.
The plot area was 33.60 m2 (4.20 m × 8.00 m). Thus, there
were about 7143 plants per 1000 m2 (Yolcu, 2014). The
growing seasons were 93 and 88 days long in 2011 and 2012,
respectively. The crop parameters at various stages were
determined for this second-crop silage maize. The data for
crop phonological characteristics like planting date, date of
emergence, 10% cover date, full cover date, maturity date,
harvest date, and crop height were also determined.
2.4. Irrigation system
The amount of irrigation water was calculated using Eq. (1)
for drip irrigation (Cetin and Bilgel, 2002).
I = A × Ep × K × P
(1)
Here, I is the amount of irrigation water applied (L), A is
the area of the plot (m2), Ep is the cumulative amount of Class
A pan evaporation for every 5 days (mm), K is the crop and
pan coefficient and was taken as 100% of pan evaporation,
and P is the wetted area. P was assumed and used as 0.65
(fw). This treatment result and ETc were considered to
compare the ETc estimated by the FAO-56 dual Kc because
this treatment provided the optimum dry matter. That is,
it provided both the maximum physical (irrigation wateruse efficiency) and economical (net return per area and net
return per volumetric water) water productivity using drip
irrigation. The amount of irrigation water applied was 435
and 459 mm in 2011 and 2012, respectively (Yolcu, 2014;
Yolcu and Cetin, 2015).
The lateral lines had on-line compensating emitters; the
discharge rate of the emitters was 4 L h–1 at an operating
pressure of 100 kPa. An emitter spacing of 0.40 m was
chosen due to the soil characteristics. Lateral lines were
laid out along two corn plant rows (Yolcu, 2014; Yolcu and
Cetin, 2015).
2.5. Calculation of crop evapotranspiration under field
conditions
The soil-water balance method was used to determine
evapotranspiration of silage maize under field conditions as
follows (Jensen et al., 1990).
ET = P + I – U – R – D ± S
(2)
Here, ET is evapotranspiration (mm), P is precipitation
(mm), I is amount of irrigation water (mm), U is upward
capillary rise into the root zone (mm), R is runoff, D is deep
percolation beyond the root, and ∆S is change in root zone
soil moisture storage.
Upward capillary rise was omitted because there was
no water table at least 2 m in depth. Runoff and deep
percolation were also omitted because the irrigations were
applied under controlled conditions.
https://testdrive1.bepress.com/tubitak-journal/vol42/iss4/5
DOI: 10.3906/tar-1712-10

2.6. Estimation of crop evapotranspiration using dual Kc
procedures
The daily reference ETo was calculated using the FAO56 Penman–Monteith method (Allen et al., 1998) in a
spreadsheet program. To calculate the dual Kc (Kcb and Ke),
the daily climatological input data, including the sowing
and harvesting dates, growth stages, soil water content,
and evaporation characteristics, were entered into the
program’s spreadsheet using the FAO-56 guidelines for
all-main and intermediate calculations (Allen et al., 1998).
Kcb was estimated for the three crop-development stages
of the crop: the initial stage, from 10% ground cover to
effective full cover; the midseason stage, from effective full
cover to the start of maturity; and the late-season stage,
from the start of maturity to the harvest. The daily dual Kc
and its components (Kcb and Ke) were computed using the
spreadsheet program.
One of the components of dual Kc is soil-water
evaporation (Ke). Thus, the average fraction of the soil
surface covered by fc and the average fraction of the soil
surface that is wetted by fw can be used to predict Ke.
The crop evapotranspiration (ETc) predicted by the
FAO-56 dual Kc approach was computed by using Eq. (3)
(Allen et. al, 1998).
(3)
ETc= (Kcb + Ke) ETo
Here: ETc: Crop evapotranspiration predicted by FAO56 dual Kc approach evapotranspiration (mm), Kcb: Basal
crop coefficient (dimensionless), Ke: Soil water evaporation
coefficient, ETo: Reference crop evapotranspiration (mm).
For the dual Kc methodologies, the given equations
and approaches [Eqs. (4), (5), and (6)] were used in the
calculation of the daily Kcb and Ke (Allen et al., 1998).
h
Kcb = Kcb(Tab.) + [0.04 (u2 – 2) – 0.004 (RHmin – 45) ] ( )0.3
3
(4)
Ke = Kr (Kcmax – Kcb ) ≤ few Kcmax
(5)
Here: Kcb(Tab.): value for the Kcb taken from table 17 in
FAO-56, u2: Average wind speed (m s–1), RHmin: Minimum
relative humidity (%), h: Plant height (m) (3.0 m for silage
maize), Kcmax: Maximum value of Kc following rain or
irrigation, Kr: Soil evaporation reduction coefficient, Few:
Fraction of the soil that is both exposed and wetted.
TEW - De, i - 1
Kr =
, For De, i – 1 > REW
TEW - REW
(6)
Here: Kr: Dimensionless soil evaporation reduction
coefficient dependent on the soil water depletion
(cumulative depth of evaporation) from the top soil layer
(Kr = when De, i – 1 ≤ REW), TEW: Maximum cumulative
depth of evaporation (depletion) from the soil surface
layer when Kr = 0 (TEW: total evaporable water, mm),
REW: Cumulative depth of evaporation (depletion) at the
end of stage 1 (REW: readily evaporable water, mm), De,
i – 1: Cumulative depth of evaporation (depletion) from
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the soil surface layer at the end of day i – 1 (the previous
day) (mm).
Ke involves 2 stages. Stage 1 is an energy-limiting
stage during which evaporation from a wet soil surface
proceeds at the maximum rate and is limited only by the
energy available at the soil surface. Stage 1 ends when the
cumulative evaporation from the soil’s surface exceeds the
readily evaporable water (REW), which is the maximum
cumulative evaporation without restriction during this
stage. Stage 2 is a falling-rate stage in which evaporation
depends on the amount of water remaining in the surface
layer; it continues until the cumulative evaporation reaches
the total evaporable water (TEW) (Allen et al., 1998).
REW is dependent on the texture of the soil’s surface
layer, which can be from 8 to 12 mm for a clay texture
(Allen et al., 1998). Because the soil texture was clay, the
REW value used in this study was assumed to be 10 mm.
On the other hand, TEW is a function of the field capacity
and the wilting point of the surface layer (Ze), which is
subject to drying by evaporation. Thus, we calculated TEW
as 25.5 mm using equation 73 in FAO-56. The other two
primary parameters required to determine Ke are (a) either
the daily fraction of the soil surface shaded by the crop
canopy (fc) or the converse, the unshaded fraction (1 – fc);
and (b) the fraction of the soil surface that is wetted (fw)
during each irrigation or precipitation (Allen et al., 1998).
The transpiration reduction factor was calculated using
the formula given as follows:
Ks = (TAW – Dr) / (TAW – RAW) = (TAW – Dr) / (1 –
p)TAW
(7)
Here, Ks is a dimensionless transpiration reduction
factor dependent on available soil water (0 – 1), Dr is root
zone depletion (mm), TAW is total available soil water in
the root zone (mm), RAW is the readily available soil water
in the root zone (mm), and p is the fraction of TAW that

a crop can extract from the root zone without suffering
water stress.
Then the daily values obtained for Penman–Monteith
ETo, Kc, Kcb, and Ke versus time in the growing season were
plotted. In addition, the cumulative measured ETc and ETo
for the growing season were plotted on the graph. The
measured ETc was determined using the soil-water balance
equation and gravimetric methods were used to determine
the soil water content for the field experimental plots as
given in Section 2.5.
3. Results and discussion
3.1. Reference evapotranspiration (ETo)
Considering the growing season for second-crop silage
maize, the grass-reference ETo was calculated daily (Figure
1), which varied from 3.40 to 8.68 mm day–1 in 2011 and
from 4.19 to 9.52 mm day–1 in 2012. The maximum ETo
occurred in the initial stage of the growing season in both
years. This occurred because, in this stage, the maximum
temperature and wind speed were higher and the minimum
relative humidity was lower than in the other stages. The
total ETo values in the growing season were similar: 618 in
2011 and 596 mm in 2012.
3.2. Dual Kc
Before the starting estimation of dual Kc using the
spreadsheet program, one needs some data for the crop.
Thus, the growth stages for second-crop silage maize
were observed as 13, 30, 40, and 10 days for the initial,
crop-development, midseason, and late-season stages,
respectively, in 2011 and as 15, 25, 35, and 13 days for the
same stages, respectively, in 2012.
The part of the soil surface where most evaporation
occurs is the exposed wetted area (few), which is basically
the same as the average fraction of the soil surface that

Figure 1. Daily reference evapotranspiration (ETo) and crop evapotranspiration (ETc) versus days of years calculated by the FAO-56
method.
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is not covered by the crop canopy (1 – fc) (Allen et al.,
1998). Figure 2 shows fc and few for silage maize, which
we computed according to the development stages. As
mentioned above, fc and few are approximately inverse
values.
On the other hand, the soil evaporation reduction
coefficient (Kr) was used to predict the Ke component of
dual Kc. After irrigation or rain, Kr equals 1; as the soil
surface dries, the value of Kr decreases until it is nearly 0
(Allen et al., 1998). This occurs because the canopy cover
increases rapidly after the beginning of the growth stage,
which means that the soil evaporation is quite low in that
stage. The value of Kr also depends on REW and TEW.
All these processes are related to the soil’s texture, field
capacity, and wilting point. However, the transpiration
reduction coefficient (Ks) is almost 1.0 for all stages except
at the beginning of the growth stage (Figure 3). Thus,
transpiration is dominant after that point. This occurrence
is shown according to the days of the growing year in
Figure 3.
All these calculations and graphs were generated
automatically using the spreadsheet program, which
based them on assumptions for the data input for the soil
and crop characteristics. Figure 4 shows dual Kc and its
components, Kcb and Ke. In addition, Table 3 shows the
dual Kc ranks that we obtained according to the stages in
each experimental year.
The value of Ke was highest in the short stage, and the
canopy cover was lowest in the initial stage. As expected,
depending on the canopy cover, Ke was typically low
(almost 0) from the start of the development stage until the
end of the late-season stage, apart from a few dates. Thus,
Kcb dominates Kc from the beginning of the development
stage through the end of the midseason stage. That is, Kcb is
most important after transpiration begins from the plants.

Thus, Ke drops to almost 0 after the initial stage, and dual
Kc is almost the same as Kcb other than in the initial stage
(Figure 4). In other words, Ke has little impact on Kc.
Ke is mainly influenced by the fraction of wetted and
exposed soil, the soil-water balance, and other soil-water
characteristics (Allen et al., 1998). Figure 4 shows the
instantaneous variation of Ke depending on the growing
season of silage maize. Soil-evaporation losses were
considerably higher in the initial stage because the effective
fraction of the soil surface covered by the crop was small.
Ke thus fell drastically when the initial stage advanced to
the development stage. On the other hand, the soil-water
losses mainly depended on crop transpiration, which (by
means of the effective fraction of the soil surface that the
crop covered) gradually increased during the development
stage. As a result, soil evaporation (Es) is an important
component of ETc during the initial stage (Martins et al.,
2013).
FAO-56 gives Kcb values of 0.15, 1.15, and 0.5 for
maize in the initial, midseason, and late-season stages,
respectively (Allen et al., 1998), However, the Kcb values
of second-crop silage maize in this study were 0.15, 1.27,
and 0.62 for the initial, midseason, and late-season stages,
respectively (Figure 4). On the other hand, the dual Kc
values in this study were 0.64, 1.27, and 0.67 for the initial,
midseason, and late-season stages, respectively. Similarly,
Li et al. (2003) determined the following Kc values for maize
(for use with the FAO-56 Penman–Monteith model): 0.5,
1.26, and 0.68 for the initial, midseason, and late-season
stages, respectively. Payero and Irmak (2011) showed that
daily Kc values of maize ranged from 0.93 to 1.44 for the
midseason stage. On the other hand, the Kc values in our
study ranged from 0.63 to 0.65 in the initial stage; these
values are higher than those given in FAO-56 (Table 3).
This difference was due to emergency irrigation events that

Figure 2. Average fraction of soil surface covered by vegetation (fc) and average fraction of soil surface wetted by irrigation (Few)
according to growing stages of the second crop silage maize calculated by the FAO-56 method.

https://testdrive1.bepress.com/tubitak-journal/vol42/iss4/5
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Figure 3. Soil evaporation reduction coefficient (Kr) and transpiration reduction coefficient (Ks) according to growing season of
the second-crop silage maize.

Figure 4. Dual crop coefficient (Kc), basal crop coefficient (Kcb), and soil evaporation coefficient (Ke) as components of dual Kc versus
growing stages for the second-crop silage maize calculated by the FAO-56 method.
Table 3. Dual Kc for the second-crop drip-irrigated silage maize using FAO-56 in the Southeastern
Anatolia Region of Turkey.

Stages of crop
Initial stage (1)

Days

Dual Kc

2011 days

2012 days

2011

2012

1–13 (13)

1–15 (15)

0.63

0.64

Crop development stage (2)

14–43 (30)

16–40 (25)

0.63–1.27

0.64–1.27

Midseason (3)

44–83 (40)

41–75 (35)

1.27

1.27

1.27–0.68

1.27–0.67

Late season (4)

84–93 (10)

76–88 (13)

Total

93

88

wetted the soil surface, resulting in high evaporation rates
and high Kc values. However, Er-Raki et al. (2009) reported
Kc values 20% lower than those given in FAO-56 for dripirrigated citrus orchards. On the other hand, Niaghi et al.
(2015) indicated that, although the single-Kc and dual-Kc
methods both had suitable performances when estimating
the seasonal evapotranspiration for winter wheat, the
single-Kc method was inaccurate at predicting the values

for maize because of advection phenomena. Lopez-Urrea
et al. (2009) reported that the dual Kc more accurately
estimated crop evapotranspiration than did the single
Kc because high values of evaporative components could
occur during any part of the crop cycle.
3.3. Crop evapotranspiration
In this study, ETc was estimated using daily dual Kc
approaches by means of a spreadsheet program. The
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daily ETc of silage maize increased rapidly after the first
irrigation and reached its maximum level at the beginning
of the midseason stage. Afterward, the ETc gradually
decreased until the growing season ended. The maximum
ETc occurred in midseason in both year, with maximum
values of 11.51 mm day–1 in 2011 and 10.01 mm day–1 in
2012 (Figure 1). Piccinni et al. (2009) and Howell et al.
(1997) determined similar maximum ETc values for maize:
12.0 and 12.4 mm day–1, respectively.
The seasonal ETc values of maize for the optimal
growing-season dry-matter yields (28.3 t ha–1 in 2011 and
31.4 t ha–1 in 2012) were 500 mm (in a vegetative cycle
of 93 days) in 2011 and 538 mm (in a vegetative cycle
of 88 days) in 2012 (Yolcu, 2014). In 2011, the FAO-56
methodology overestimated the seasonal silage-corn ETc
by approximately 10% (its value was 551 mm); however, it
estimated 521 mm in 2012, which was approximately the
same as the actual value. The amount of irrigation water
applied was 435 mm in 2011 and 459 mm in 2012. In the
field experiment, Yolcu (2014) and Yolcu and Cetin (2015)
found that, for second-crop, drip-irrigated silage maize
in the study area, the optimal irrigation level was 100%
of the Class A pan evaporation. Bouazzama et al. (2012)
obtained the maximum dry-matter yield (ranging from
12.5 to 16.4 t ha–1) for silage maize from the treatment of
100% ETc, using an amount of irrigation water (ranging
from 463 to 478 mm) that varied based on the year. Piccini
et al. (2009) used accumulated ETc estimates for the
maize-growing season that ranged from 441 to 641 mm.
Although we found a difference between the measured
ETc and FAO-56’s estimated ETc in 2011, the dual Kc was
more accurate because we computed this value based on
daily climatological and other data for the growing season.

Similarly, Sharma et al. (2012) reported that the dual Kc
approach provides a good estimation of water loss from
well-watered crops. Irrigation can be scheduled to replace
lost water in the crop-soil system.
3.4. Conclusions
Soil evaporation (Ke) is an important component of ETc
during the initial stage in high-temperature climate
conditions such as those found in this study area. This
stage was short, however, because the maize grew quickly;
thus, plant transpiration (measured by Kcb) became more
important in later stages. The dual Kc values were 0.64,
1.27, and 0.67 for the initial, midseason, and late-season
stages, respectively.
The maximum ETc for second-crop, drip-irrigated
silage maize occurred in midseason: 10.8 mm day–1. In
the experimental years, the seasonal measured ETc for
the optimal amount of dry matter during the growing
season was 519 mm on average, although this value varied
throughout the vegetative cycle. The FAO methodology
insignificantly overestimated the ETc of the seasonal
silage maize (its estimate was 536 mm). Thus, the dual
Kc methodology from FAO-56 can be used to estimate
ETc and determine an appropriate irrigation schedule for
second-crop, drip-irrigated silage maize.
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